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Thus, a window size of wi = d ln(1/ )pavgi e is sufficient to guaranteecompleteness (with high probability). In general, due to the weak
(logarithmic) dependence on  , small settings for   (i.e., less than
0.1) do not have a large effect on the overall window size.
While using a smoothing-window size as suggested by
Lemma 4.1 guarantees completeness (i.e., correct detection of tag
i) with high probability, it can also lead to missing the temporal
variation in the underlying signal (e.g., due to the movements of
tag i). Note that, in the per-tag case, we are dealing with a binary
signal: either tag i is there (value = 1) or it is not (value = 0).
As discussed earlier, large smoothing windows can miss signal
transitions, where tag i is mistakenly presumed to be present in
the reader’s detection range due to the interpolation of readings
inside the window (Figure 1). In order to avoid smoothing over
transitions and producing many false positives, SMURF needs to
accurately determine when tag i exited the reader’s detection range
(as opposed to a period of dropped readings) and decrease the size
of its window. We term this process transition detection.
Given the unreliability of tag readings, accurate transition de-
tection becomes crucial: readings will routinely be lost (e.g., for
tags outside the reader’s major detection region (Figure 2)), and an
overly-sensitive transition detection mechanism can result in losing
the smoothing effect and emitting (useless) raw tag readings. On
the other hand, a coarse detection mechanism can miss true signal
transitions, resulting, once again, in false positives. SMURF em-
ploys its binomial sampling model to detect transitions in a princi-
pled manner as statistically-significant deviations in the observed
binomial sample size from its expected value. More formally, as-
suming that the current window size wi and sampling probability
pavgi are not too small, it follows from a Central Limit Theorem
(CLT) argument that, assuming no transition occurred in the current
window, the value of |Si| is within±2
p
Var[|Si|] of its expectation
with probability close to 0.98. Based on this observation, SMURF
flags a transition (i.e., exit) for tag i in the current window if the
number of observed readings is less than the expected number of
readings and the following condition holds:3




i (1  pavgi ) (1)
SMURF Per-Tag Cleaning Algorithm. A pseudo-code de-
scription of SMURF’s adaptive per-tag cleaning algorithm is
depicted in Algorithm 1. SMURF employs the common Additive-
Increase/Multiplicative-Decrease (AIMD) paradigm [11] to adjust
its window size for each tag i, based on guidance from its
binomial-sampling model as discussed above.4
Algorithm 1 SMURF Adaptive Per-Tag Cleaning
Require: T = set of all observed tag IDs
  = required completeness confidence
8i 2 T, wi  1
while (getNextEpoch()) do
for (i in T ) do
processWindow(Wi)
w⇤i  completeSize(pavgi ,  ) // Lemma 4.1if (w⇤i > wi) then
wi  max{min{wi + 2, w⇤i }, 1}
else if (detectTransition(|Si|, wi, pavgi )) then
wi  max{min{wi/2, w⇤i }, 1}end if
end for
end while
3More conservative, non-CLT-based probabilistic criteria, e.g., based on the Cheby-
shev or Chernoff bounds [25] can also be used here.
4Note that our algorithm uses only simple mathematical operations and, thus, the
overhead beyond traditional smoothing is minimal.
SMURF runs a sliding-window aggregate for each observed tag
i. The window size is initially set to one epoch for each tag, and
then adjusted dynamically based on observed readings. (If at any
point during processing SMURF sees an empty window for a tag,
it resets its window size to one epoch.)
During each new epoch, and for each tag i, SMURF starts by
processing the readings of tag i inside the windowWi (process-
Window(Wi)). This processing includes estimating the required
model parameters for tag i (e.g., pavgi , |Si|) using tag-list infor-
mation as well as emitting an output reading for tag i if there exists
at least one reading within the window. Then, SMURF consults its
binomial-sampling model to determine the number of epochs nec-
essary to ensure completeness with high probability (complete-
Size(pavgi ,  )), based on Lemma 4.1. If the required size w⇤i ex-
ceeds the current window size wi = |Wi|, SMURF grows its cur-
rent window size for i additively.5 This “additive window growth”
rule allows SMURF to incrementally monitor the tag’s readings as
the window grows and thus remain responsive to changes in the
underlying signal.
If the current window size satisfies the completeness require-
ment, then SMURF tries to detect if a transition occurred duringWi
(detectTransition(|Si|, wi, pavgi )), based on Condition (1). If a
transition is flagged, SMURF multiplicatively decreases the size of
its current smoothing window for i (i.e., divides it in half). By mul-
tiplicatively decreasing its window size, SMURF can quickly react
to detected transitions and, at the same time, avoid over-reaction in
the unlikely event of an incorrect transition detection. Of course, if
the completeness requirement is met and no transition is detected,
SMURF continues with its current window size for tag i.
To summarize, Figure 3 graphically depicts some example sce-
narios under SMURF’s basic per-tag cleaning scheme.
4.3 Adaptive Multi-Tag Aggregate Cleaning
In many real-world RFID scenarios, applications need to track
large populations of tags, typically in the several hundreds or thou-
sands. In addition, applications often do not require information for
each individual tag, and only need to track simple aggregates (e.g.,
counts or averages) over the entire tag population. For instance,
a retail-store monitoring application may only need to know when
the count of items on a shelf drops below a certain threshold.
An “obvious” cleaning approach in such scenarios is to apply
SMURF’s per-tag cleaning algorithms (Section 4.2) for each indi-
vidual tag in the population and then aggregate the results across
individual smoothing filters for each epoch. Such a solution, how-
ever, potentially suffers from underestimation bias: tags not read
at all in a window will not be counted. Additionally, this ap-
proach incurs overhead: SMURF needs to continuously track and
dynamically adapt the window for each individual tag; further-
more, many window adjustments can happen (e.g., with mobile
tags) even though the underlying aggregate signal (e.g., population
count) remains stable. To avoid these problems, SMURF employs
statistical-estimation techniques to accurately estimate the popula-
tion count without cleaning on a per-tag basis.
Random-Sampling Model and Estimators for Multi-Tag Ag-
gregates. Consider the problem of estimating the count of the tag
population over a window of size w epochs (say,W = (t  w, t]).
As earlier, we use pavgi to denote the average empirical sampling
probability for tag i during W (i.e., the average read rate over all
observations of i in W derived from the reader’s tag list informa-
tion). SMURF views each epoch as an independent “sampling ex-
5In order to advance the slide point, which is set to the middle of the window, by one
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 protected void onCreate(Bundle savedInstanceState) { 
  super.onCreate(savedInstanceState); 
  pref = PreferenceManager.getDefaultSharedPreferences(this); 
 
  setContentView(R.layout.activity_main); 
  if (savedInstanceState == null) { 
   Fragment mainFragment = new MainFragment(); 
   getFragmentManager().beginTransaction() 
     .replace(R.id.container, mainFragment).commit(); 
  } 
 
//  BroadcastReceiver??? 
  intentFilter = new IntentFilter(); 
  intentFilter.addAction(BROADCAST_READERSERVICE_STATUS); 
  intentFilter.addAction(BROADCAST_PURESUME_ALARM); 
  registerReceiver(broadcastReceiver, intentFilter); 
 
//      AlarmManager???????????????? 
  Intent intent = new Intent(getApplicationContext(), MainActivity.class); 
  intent.setAction(BROADCAST_PURESUME_ALARM); 
  PendingIntent sender = PendingIntent.getBroadcast(this, 0, intent, 0); 
  AlarmManager am = (AlarmManager)(this.getSystemService(ALARM_SERVICE)); 
  Calendar calendar = Calendar.getInstance(); 
  Date today = calendar.getTime(); 
  calendar.set(Calendar.HOUR,pref.getInt("puresume_time_Hour",  
    MainActivity.PURESUME_DEFAULT_HOUR)); 
  calendar.set(Calendar.MINUTE, pref.getInt("puresume_time_Minute", 
     MainActivity.PURESUME_DEFAULT_MINUTE)); 
  Date setDay = calendar.getTime(); 
  if(today.after(setDay)){ 
   calendar.add(Calendar.DATE, 1); 
  } 
  Log.d(TAG_FOR_LOG, "AlarmFirstSetTime:" + calendar.toString()); 
  am.setInexactRepeating(AlarmManager.RTC_WAKEUP, calendar.getTimeInMillis(), 
    AlarmManager.INTERVAL_DAY, sender); 
 
//  Bluetooth?????????????????? 




  * ReaderService????? broadcast??????????? 
  */ 
 private final BroadcastReceiver broadcastReceiver = new BroadcastReceiver() { 
  @Override 
  public void onReceive(Context context, Intent intent) { 
   if(intent.getAction().equals(BROADCAST_READERSERVICE_STATUS)) { 
    Bundle bundle = intent.getExtras(); 
    int readerServiceStatus = bundle.getInt("status"); 
 
    Log.d(TAG_FOR_LOG,  
      "Receive Broadcast:readerServiceStatus("+ readerServiceStatus +")"); 
    listener.readerServiceStatusChange(readerServiceStatus); 
   }else if(intent.getAction().equals(BROADCAST_PURESUME_ALARM)  
     && pref.getBoolean("presume_alert",false)) { 
 
//    ????????? service?????? 
    Intent serviceIntent = new Intent(MainActivity.this, PresumeService.class); 
    startService(serviceIntent); 
   } 
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 public static class MainFragment extends Fragment { 
  public final String TAG_FOR_LOG = "MainFragment"; 
 
  View rootView; 
  SharedPreferences pref; 
 
  @Override 
  public View onCreateView(LayoutInflater inflater, ViewGroup container, 
         Bundle savedInstanceState) { 
   Log.d(TAG_FOR_LOG,"onCreateView"); 
   rootView = inflater.inflate(R.layout.fragment_main, container, false); 
   pref = PreferenceManager.getDefaultSharedPreferences(getActivity()); 
 
//   service????????????????? ON/OFF?????? 
   setReaderSwitch(pref.getInt("ReaderService_status",  
     MainActivity.SERVICE_STATE_STOP)); 
   Log.d("debug","pref:" + pref.getInt("ReaderService_status",  
     MainActivity.SERVICE_STATE_STOP)); 
 
   TextView modeText = (TextView)rootView.findViewById(R.id.now_mode); 
   if(pref.getBoolean("management_tag_collect", false)){ 
    modeText.setVisibility(View.VISIBLE); 
   }else{ 
    modeText.setVisibility(View.INVISIBLE); 
   } 
 
//          ???????? 
   ((MainActivity) getActivity()).setReceiverListener(new receiverListener() { 
    @Override 
    public void readerServiceStatusChange(int readerServiceStatus) { 
     setReaderSwitch(readerServiceStatus); 
    } 
   }); 
 
   return rootView; 
  } 
 
  public void setReaderSwitch(int state){ 
   final Switch readerSwitch = (Switch)rootView.findViewById(R.id.reader_switch); 
   switch (state){ 
    case SERVICE_STATE_STOP: 
     readerSwitch.setTextOff(getString(R.string.disconnect)); 
     readerSwitch.setChecked(false); 
     break; 
    case SERVICE_STATE_INITIALIZING: 
     readerSwitch.setTextOn(getString(R.string.initializing)); 
     readerSwitch.setChecked(true); 
     break; 
    case SERVICE_STATE_LISTENING: 
     readerSwitch.setTextOn(getString(R.string.rfid_listening)); 
     readerSwitch.setChecked(true); 
     break; 
    case SERVICE_STATE_ENDPROCESS: 
     readerSwitch.setTextOff(getString(R.string.end_process)); 
     readerSwitch.setChecked(true); 
     break; 
    default: 
     break; 
   } 
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<?xml version="1.0" encoding="utf-8"?> 
<PreferenceScreen xmlns:android="http://schemas.android.com/apk/res/android"> 
 
 <PreferenceCategory android:title="@string/general_setting"> 
  <EditTextPreference android:summary="@string/summary_username" 
    android:title="@string/username"/> 
 </PreferenceCategory> 
 
 <PreferenceCategory android:title="@string/system_setting"> 
  <PreferenceScreen android:summary="@string/summary_goto_bluetooth_setting" 
    android:title="@string/goto_bluetooth_setting" 
    android:key="bluetooth_setting" 
    android:action="android.provider.Settings.ACTION_BLUETOOTH_SETTINGS"/> 
  <PreferenceScreen android:summary="@string/summary_select_reader" 
    android:title="@string/select_reader" 
    android:key="device_select"/> 
  <SwitchPreference android:summary="@string/summary_management_tag_collect" 
    android:title="@string/management_tag_collect" 
    android:key="management_tag_collect" 
    android:switchTextOff="OFF" 
    android:switchTextOn="ON"/> 
  <jp.ac.uec.is.spa.takamaru.wasuremono.TimePickerPreference 
    android:summary="@string/summary_puresume_time" 
    android:title="@string/puresume_time" 
    android:dialogTitle="@string/puresume_time_dialog" 
    android:dialogMessage="@string/puresume_time_dialog_message" 
    android:key="presume_time" 
    defaultHour="2" 
    defaultMinute="0" 
    is24Hour="false"  /> 
 </PreferenceCategory> 
</PreferenceScreen> 
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//  ????????????????????????? 
  listView1.setOnItemClickListener(new AdapterView.OnItemClickListener() { 
   @Override 
   public void onItemClick(AdapterView<?> parent, View view, int position, long id) { 
    Map<String, String> map =  
         (Map< java.lang.String,String>)parent.getItemAtPosition(position); 
    String device_name = map.get("device_name"); 
    String device_mac = map.get("device_mac"); 
    Log.d(TAG_FOR_LOG, String.format("BTdevice onClick name:%s, device_mac:%s",  
      device_name, device_mac)); 
    SharedPreferences sharedPreferences = 
      PreferenceManager.getDefaultSharedPreferences(getActivity()); 
    SharedPreferences.Editor pref_edit = sharedPreferences.edit(); 
    pref_edit.putString("Reader_MACaddress", device_mac); 
    pref_edit.commit(); 
    ((MainActivity)getActivity()). 
      changeFragment(MainActivity.PREFERENCE_FRAGMENT); 
   } 
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  * AlertDialog???? OK??????????? 
  * @param positiveButtonType OK?????????? 
  *   DIALOG_POSITIVE_CLOSE, DIALOG_POSITIVE_FINISH, DIALOG_POSITIVE_MOVETASKTOBACK 
  */ 
 public void doPositiveClick(int positiveButtonType) { 
  switch (positiveButtonType){ 
   case(DIALOG_POSITIVE_CLOSE): 
    break; 
   case(DIALOG_POSITIVE_FINISH): 
    finish(); 
    break; 
   case(DIALOG_POSITIVE_MOVETASKTOBACK): 
    moveTaskToBack(true); 
    break; 
   default: 
    finish(); 
  } 
 } 
 /** 
  * AlertDialog? NG??????????? 
  */ 
 @Override 
 public void doNegativeClick() { 
  //??????? 
 } 
 















































  * AlertDialog??? 
  */ 
 @Override 
 public Dialog onCreateDialog(Bundle savedInstanceState) { 
  Log.d(TAG_FOR_LOG, "onCreateDialog"); 
  String title = getArguments().getString("title"); 
  String message = getArguments().getString("message"); 
  int type = getArguments().getInt("type"); 
  final int positiveButtonType = getArguments().getInt("positiveButtonType"); 
 
  AlertDialog.Builder alert = new AlertDialog.Builder(getActivity()) 
    .setTitle(title) 
    .setMessage(message) 
    .setPositiveButton(R.string.ok, new DialogInterface.OnClickListener() { 
     @Override 
     public void onClick(DialogInterface dialog, int which) { 
//      OK????????? 
      Log.d(TAG_FOR_LOG,"onClick OK Button"); 
      listener.doPositiveClick(positiveButtonType); 
      dismiss(); 
     } 
    }); 
  if (type == MainActivity.DIALOG_TYPE_OK_CANCEL) {  
//   NG????????? 
   alert.setNegativeButton(R.string.cancel, new DialogInterface.OnClickListener() { 
    @Override 
    public void onClick(DialogInterface dialog, int which) { 
//     Cancel????????? 
     Log.d(TAG_FOR_LOG,"onClick Cancel Button"); 
     listener.doNegativeClick(); 
     dismiss(); 
    } 
   }); 
  } 
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  * RFID??????????????????????????????? 
  */ 
 public void tagTimeoutCount() { 
  new Thread(new Runnable() { 
   @Override 
   public void run() { 
    mRunningThread = true; 
    while (mRunningThread) { 
     endCheck(); 
    } 
   } 




  * ??????????????????? 
  */ 
 public void writeStartTime(String tagId) { 
  startTimes.put(tagId, System.currentTimeMillis()); 




  * ???????????????????? 
  */ 
 public void writeWindowStartTime(String tagId) { 
  windowStartTimes.put(tagId, System.currentTimeMillis()); 
 } 
 
 public void endCheck() { 
  Long endTime = System.currentTimeMillis(); 
  for (String tagId : windowStartTimes.keySet()) { 
   Long windowStartTime = windowStartTimes.get(tagId); 
   if (endTime - windowStartTime >= MainActivity.WINDOW_SIZE) { 
    saveDatabase(tagId, startTimes.get(tagId), endTime); 
//    ?????????? 
    checkBring(tagId); 
    removeList.add(tagId); 
   } 
  } 
//  ?????? Map???????? 
  for (String key : removeList) { 
   windowStartTimes.remove(key); 
   startTimes.remove(key); 
  } 





  * ????????????? 
  * @param tagId     ? ??? ID 
  * @param startTime ? ???????????? 
  * @param endTime   ? ???????? 
  */ 
 public void saveDatabase(String tagId, long startTime, long endTime) { 
  Log.d("save database", "tagID=" + tagId); 
  Log.d("save database", "    startTime=" + startTime + " endTime=" + endTime); 
  Log.d("save database", "    Duration" + (startTime - endTime)); 
 
//  ????????????????? 
  HavedItemsLog havedItemsLog = new HavedItemsLog(); 
  havedItemsLog.tagId = tagId; 
  havedItemsLog.startTime = startTime; 
  havedItemsLog.endTime = endTime; 














































@Table(name = "havedItemsLog") 
public class HavedItemsLog extends Model{ 
 
 @Column(name = "tagId") 
 public String tagId; 
 
 @Column(name = "startTime") 
 public long startTime; 
 
 @Column(name = "endTime") 
 public long endTime; 
 
 public HavedItemsLog(){ 
  super(); 
 } 
 
 public HavedItemsLog(String tagId, long startTime, long endTime){ 
  super(); 
  this.tagId=tagId; 
  this.startTime = startTime; 
  this.endTime = endTime; 
 } 
} ?















































































  * ????????????????????????????????????????????????/?? 
  * @param tagId 
  */ 
 public void checkBring(String tagId) { 
  List<TodayBrings> eventList = new Select() 
    .from(TodayBrings.class) 
    .where("day = ? and tagId = ?", DateFormat.format 
         (MainActivity.DATE_PATTERN, System.currentTimeMillis()), tagId) 
    .orderBy("Name ASC") 
    .execute(); 
  if (eventList.size() == 0) return;  //eventList? 0???????????????? 
  if (startTimes.containsKey(tagId)) {  //???????????????? 
   deleteNotification(tagId); 
  } else { 
   sendNotification(tagId); 
  } 
 } 
 /** 
  * ?????????? ??????????????????????? 
  * @param tagId ? ?????????? ID 
  */ 
 private void sendNotification(String tagId) { 
  Intent intent = new Intent(this, MainActivity.class); 
  PendingIntent contentIntent = PendingIntent.getActivity(this, 0, intent, 0); 
//  ??? DB????????????????Notification??????????????????? 
//  ???? 
//  LargeIcon ? Bitmap ???? ??????????? 
  Bitmap largeIcon; 
  if (notificationLevel == MainActivity.HIGH_NOTIFICATION){ 
   largeIcon = BitmapFactory.decodeResource(getResources(), R.drawable.red_icon); 
//  ???? 
//  Android wear??? Action????? 
  Intent wearIntent = new Intent(getApplicationContext(), MainActivity.class); 
  PendingIntent notWasuremonoIntent = PendingIntent.getActivity(this,0,wearIntent, 0); 
  NotificationCompat.Action action = new NotificationCompat.Action 
     (R.drawable.?proofreading_icon,getString(R.string.not_wasuremono), 
    notWasuremonoIntent); 
//  NotificationBuilder??? 
  NotificationCompat.Builder builder  
    = new NotificationCompat.Builder(getApplicationContext()) 
    .setContentIntent(contentIntent) 
//    ????????????????? 
    .setTicker(getString(R.string.notification_ticker)) 
    .setSmallIcon(R.drawable.ic_launcher) 
//    Notification???????????????? 
    .setContentTitle(getString(R.string.notification_context_title)) 
//    Notification????????????&Wear?????????? 
    .setLargeIcon(largeIcon) 
//      ??????????????Android Wear?? 
    .setGroup(MainActivity.NOTIFICATION_GROUP) 
//    ????????? 
    .setWhen(System.currentTimeMillis()) 
//    ????????????? 
    .setDefaults(Notification.DEFAULT_SOUND 
      | Notification.DEFAULT_VIBRATE 
      | Notification.DEFAULT_LIGHTS) 
//    Wear????????????? 
    .extend(new NotificationCompat.WearableExtender().addAction(action)) 
//    ????? BigStyle????????????????? 
    .setStyle(new NotificationCompat.BigTextStyle() 
      .bigText(contextText.toString())); 
  // NotificationManager??? 
  NotificationManager manager 
    = (NotificationManager) getSystemService(Service.NOTIFICATION_SERVICE); 
  // Notification????? 
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 public void dailyUpdate(String[] event, String[] rfid) { 
//  eventMap? rfidMap?????? DB???????????? HashMap??????????? 
  preparationHashMap(); 
//  ???????????????????????????????? 
  Integer in = new Integer(MainActivity.IS_THERE); 
  for (int i = 0; i < event.length; i++) { 
   eventMap.put(event[i], in); 
  } 
  for (int i = 0; i < rfid.length; i++) { 
   rfidMap.put(rfid[i], in); 
  } 
  for (Map.Entry<String, Integer> targetRfid : rfidMap.entrySet()) { 
   for (Map.Entry<String, Integer> targetEvent : eventMap.entrySet()) { 
    TagEventRelationship beforePresume  
      = readPresume(targetRfid.getKey(), targetEvent.getKey()); 
    TagEventRelationship newPresume 
      = updatePresume(beforePresume, targetEvent.getValue().intValue(), 
       targetRfid.getValue().intValue()); 
    newPresume.save(); 
   } 
  } 
 } 
 /** 
  * 1???????or?????????????1???????????? 
  * ??????????????????????????? 
  * @param presume       TagEventRelationship 
  * @param newDayEvent   ???????????? MainActivity.IS_THERE ???? IS_NOT_THERE 
  * @param newDayRfid   ??????????? MainActivity.IS_THERE ???? IS_NOT_THERE 
  * @return              TagEventRelationship 
  */ 
 public TagEventRelationship updatePresume 
   (TagEventRelationship presume, int newDayEvent, int newDayRfid){ 
  double beforeNumerator = presume.numerator; 
  double beforeDenominator = presume.denominator; 
 
  double newNumerator  
    = beforeNumerator * MainActivity.PAST_IMPORTANCE + newDayEvent * newDayRfid; 
  double newDenominator = beforeDenominator * MainActivity.PAST_IMPORTANCE + newDayEvent; 
 
  presume.numerator = newNumerator; 
  presume.denominator = newDenominator; 
  return presume; 
 } 
 /** 
  * ??????????????? 
  * @param tagId         ??? ID 
  * @param event         ??????? 
  * @return              TagEventRelationship 
  */ 
 public TagEventRelationship readPresume(String tagId, String event) { 
  List<TagEventRelationship> beforePresumes = new Select() 
    .from(TagEventRelationship.class)  
    .where("tagId = ? and event = ?", tagId, event) 
    .execute();  //?????????? 
  int size = beforePresumes.size(); 
  if(size>1) return null; 
  TagEventRelationship returnPresume; 
  if (beforePresumes.size() == 0) {  //?????????????? 
   returnPresume = new TagEventRelationship(); 
   returnPresume.tagId = tagId; 
   returnPresume.event = event; 
   returnPresume.denominator = 0;     //?? 
   returnPresume.numerator = 0;     //?? 
  } else { 
    returnPresume = beforePresumes.get(0); 
  } 
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